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Abstract 
The amino acid sequences of the B800/850 light-harvesting proteins from Rhodospirillurn molischianum were determined by Edman 
degradation. On the basis of these amino acid sequences, two degenerated oligonucleotides were synthesized and used for PCR of 
genomic DNA. The resulting 150 bp DNA fragment was cloned, sequenced and used for subsequent Southern blot analysis of digested 
genomic DNA. A 2.3 kbp EcoRI fragment strongly hybridized to the probe and a size selected genomic library from genomic DNA was 
constructed. One clone scored positive during screening of the library with the PCR-fragment and subsequent DNA sequence analysis of 
the clone revealed the presence of three A-genes (A 1A2A3) encoding et-polypetides and of two B-genes (B 1B2) encoding 13-polypeptides 
of the B800/850 complex. The arrangement of the different genes are B1A1, B2A2 and A3 where only B1 and B2 are preceded by 
typical Shine-Dalgarno sequences. In addition, typical nucleotide sequences for a rho-independent termination of transcription are located 
downstream of the genes A1 and A2. The deduced amino acid sequences revealed that the a-genes encoded for identical polypeptides, 
whereas the deduced 13-polypeptides differed in their amino acid sequence at four positions. Transcriptional operon analysis revealed that 
the genes A1B 1 and A2B2 are both dicistronically transcribed, whereas the gene A3 is not. 
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The function of light-harvesting complexes in photo- 
synthetic organisms is mainly to absorb visible and near 
infrared radiation and to mediate energy transfer to the 
reaction center, where the primary charge separation of 
photosynthesis takes place [1]. The B800-850 light-harvest- 
ing complexes of the purple bacteria typically consist of 
two polypeptides, the et- and the 13-subunits which nonco- 
valently bind bacteriochlorophylls and carotenoids (for 
review see Ref. [2]). The a,~-heterodimer with its corre- 
sponding pigments form higher oligomers [3,4] which can 
be purified after solubilisation of the intracytoplasmic 
membrane with detergents. 
The et- and 13-genes of the B800-850 complexes from 
several different photosynthetic bacteria have been cloned 
and sequenced (see e.g., Refs. [5,6]) and the genes coding 
for the et- and 13-subunits appear to be organized in the 
same way in various organisms. The genes are clustered in 
the so-called puc-operon and are dicistronically tran- 
scribed. In some photosynthetic bacteria the structural 
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genes coding for the et,13-polypeptides are preceded by 
silent genes thought o be involved in the assembly of the 
oligomeric light-harvesting complexes [7,8]. In the cases of 
Rhodopseudomonas (Rps.) palustris and Rps. acidophila, 
multi-gene families were found which code for slightly 
different B800/850 ct,13-polypeptides [9,10]. The purifica- 
tion of three different et- and two different 13-polypeptides 
of the B800/850 complex from Rps. palustris indicates 
that different gene products of the multi-gene family are 
assembled to form the native light-harvesting complexes. 
The different light-harvesting complexes from Rs. 
molischianum strain DSM 119 have been characterized 
recently [11,12]. Only one et- and one 13-polypeptide could 
be purified from the isolated B800/850 complex. The 
amino acid sequences of the et,13-polypeptides and the 
bacteriochlorophyll binding sites were analysed by Raman 
spectroscopy and were found to be more similar to the 
B870 light-harvesting complexes than to the B800/850 
complexes from other purple bacteria. In addition, the 
isolated B800/850 light-harvesting complex from Rs. 
molischianum is an octamer [13], which was the first 
deviation from the generally accepted model that 
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B800/850 complexes associate to hexamers [2]. However, 
the X-ray structure analysis of the B800/850 complex 
from Rps. acidophilum indicated that the crystallized com- 
plex is a nonamer of o~, 13-heterodimers [14]. Moreover, 
crystals of the B800/850 complex forom Rs. molischianum 
were obtained diffracting to 2.4 A resolution [15]. The 
space group P4212 was determined indicating a four-fold 
symmetry of the B800/850 complex from Rs. molischi- 
anum which is in good agreement with the octameric 
association. 
The o~- and 13-polypeptides of Rs. molischianum were 
purified as described [11] and the amino acid sequences of 
the two peptides were determined by Edman degradation. 
On the basis of these amino acid sequences, two degener- 
ated oligodesoxynucleotides were designed for subsequent 
PCR-cloning of the corresponding gene region. In a poly- 
merase chain reaction performed with genomic DNA iso- 
lated from Rs. molischianum, a 150 bp DNA fragment 
could be amplified. We cloned the fragment into pBlue- 
script and determined the nucleotide sequence. The amino 
acid sequences which could be deduced from the resulting 
DNA sequence were identical to the ones determined 
chemically from the polypeptides. A 32p-labeled RNA 
probe produced from the 150 bp DNA fragment was used 
for Southern analysis of EcoRI, BamHI and 
EcoRI/BamHI digested genomic DNA from Rs. molischi- 
anum. The probe hybridized to a 2.3 kbp BamHI fragment 
and a 3.6 kbp EcoRI fragment. A Southern analysis 
performed with double digested genomic DNA (BamHI 
and EcoRI) also gave a signal at 2.3 kbp, indicating that 
the light-harvesting enes are encoded on the 2.3 kbp 
BamHI fragment. A genomic library of Rs. molischianum 
constructed from size fractionated BamHI-fragments (2-  
2.5 kbp) into pBluescript was subsequently screened by 
colony hybridization. From 2000 colonies screened one 
clone scored positive and was identified to contain the 2.3 
kbp genomic DNA fragment. 
In order to obtain the complete information about the 
Rs. molischianum B800/850 gene organization, the com- 
plete nucleotide sequence of this fragment was determined 
by the dideoxy-chain termination method [16,17] (Fig. 1). 
The combined sequence information spanned a 2301 bp 
DNA fragment of which the nucleotide sequence of both 
strands was determined (Fig. 2). Computer analysis of the 
sequence revealed that the B800/850 complex genes from 
Rs. molischianum strain DSM 119 is organized as a multi- 
gene family coding for three oL-polypeptides (A-genes) and 
two 13-polypeptides (B-genes). The arrangement of the 
different genes is B1AI, B2A2 and A3. Only the two 
B-genes are preceded by typical Shine-Dalgarno consensus 
sequences (5'-GGAG-3') which also have been described 
for the light-harvesting genes from other photosynthetic 
bacteria [5]. Two nine base pair repeats (5'-GTCATG- 
GCG-3') are located in the upstream region of gene BI 
whereas comparable sequences are absent in case of B2. 
Previously it has been suggested that a repeat of 7 bp 
Barn HI 
P 
m 
p I ,  
O- m, 
Barn HI 
LHlfa LHlfb LH2f LH3f I 
I 
LHr LHr LHr 
q 
q 11 ,91 ,9 It , I  ,9 
,m 
Fig. I. Sequencing strategy of the 2.3 kbp genomic BamHl DNA 
fragment of Rs. molischianum encoding the B800/850 light-harvesting 
genes. Arrows show the direction of reading, relative length and positions 
of sequenced DNA fragments either derived by restriction with appropri- 
ate restriction enzymes or using the exonuclease I I I /mung bean nuclease 
method. Open reading frames corresponding to the different a,13 genes 
are indicated within the map. Position of primers used for PCR based 
analysis of the transcripton of the genes are given above (LHlfa, LHlfb, 
LH2f, LH3f) or below (LHr), respectively. 
located about 150 bp upstream from the start site of the 
puc-operon from Rb. capsulatus might be involved in 
transcription i itiation. We assume that the repeats present 
in the Rs. molischianum sequence may serve the same 
function. 30 bp downstream of the genes A1 and A2 two 
palindromic sequences followed by a short run of T-re- 
sidues can be detected. This arrangement is typical for 
rho-independent termination of transcription. The distances 
of these sequences from the stop codon of the A genes are 
comparable to the distance reported for Rps. palustris [18]. 
The A3 gene is not preceded by a corresponding B3 
gene. This is a unique situation among all puc-operons 
from photosynthetic bacteria sequenced so far. The A3 
gene exhibits no classical Shine Dalgarno sequence ob- 
served in ease of the A1 and A2 genes. Most likely the A3 
gene originated from a gene duplication starting directly 
in-between the AB-gene cluster. 
The amino acid sequences deduced for the two c~-poly- 
peptides are identical, whereas these for the [3-polypeptides 
differ in four amino acid positions (BIIlel5-B2Vall5; 
B i Glu 19- B 2 Ala 19; B j Lys22-B 2 Gln22; B ~ Ile30-B 2Va130; 
Fig. 2). The amino acid sequence of the c~-subunits as 
deduced from the nucleotide sequence deviates from the 
chemically determined sequence [11] in position 43. The 
DNA sequence indicates the presence of a Phe in this 
position, whereas a Ser was found by chemically sequenc- 
ing. Since the molecular mass determined by electrospray 
mass spectroscopy [11] of the a-subunit agrees with the 
amino acid sequence deduced from the nucleotide se- 
quence within one Dalton, we conclude that the chemically 
determined sequence is not correct in position 43. The 
charged amino acids at positions 19 (asp) and 22 (lys) in 
the 13 ~-polypeptide are of special interest, because they are 
in close proximity to histidine-18, which is conserved 
among most [3-polypeptides from other purple bacteria (for 
comparison see Ref. [2]). Histidine-I 8 was thought o bind 
to the Mg-ion of the monomeric bacteriochlorophyll, which 
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(a) 10 30 50 
agaatgt tggcggtcagcaggctgat t tccgccgcggggtaggcggcgcggaggcgtccgccgc  
70 90 Ii0 
caccaatccgccgatccccggcatgt taacgtcgaccagcacgtaatcaggcggcagaatcgcg  
130 150 170 190 
gcggcggtcagggcctcc tcgccgctggct tcc tcgacgatccgccagcccggtcgcagccgct  
210 230 250 
cgatcaccgcgtcccggtcatcatccgcgcccacccggctgtcatccaccaatagaacggtttg 
270 290 310 
tcactcatcgctggcccggt t tc tccaaggacatgt tcatcgcggtacggcgtacgtatcgacg  
330 350 370 
acctgacggagtc ta tgct tgagggagggagcgccggcaagggcaaagtccccatccctggccc  
390 410 430 
tccc tgccgccaggggcgaat t tcccgt tccgaccggt tgccggctcccgtagat tcgaat tga  
470 490 510 
cacccgcgagcgacgatcgaagagtaccgcctgt tacgggggctggccaaaggggaggcaaggc  
530 550 570 
ggcagggcagtgcgagggaacggtgccggggtatccagacgt tcccgggtgt t t tcacgtcc tg  
590 610 630 
tgctgatc t tcgtcaatggctgct t t t tc t tccgtcgaaatggatgt tg tgcgtcggtgcgggc  
650 670 690 
tg t tcaatcccggaccggagcataaatgagagtaatcatggtgtc tggcctgggcgcgtgcggc  
710 730 750 
tggtcgcgccggccaacccggagagggtgactgt t t tcgtcccgaatggctgcgatc tc tgcgc  
790 810 830 
cgcgggatgggaccgagt ta~t~atQ~cQtctaggcAc_~aacccgccgcgcgggag 
850 870 890 
gtgcgcggcaaccaacaatqqaqtgtagacacatggctgaaagaagct tg tcgggcctgaccgag 
M A E R S L S G L T E 
910 930 950 
gaagaggcgatcgcggtccacgaccagt tcaagaccacct tc tccgct t tcatcatcc tggccg  
E E A X A V H D Q F K T T F S A F I X L A 
970 990 1010 
ccgtcgcgcacgtgctggt t tgggtc tggaagccctggt tc tgat t tc tcgacacact tc t tag  
A V A H V L V W V W K P W F * 
1030 1050 1070 
ggggataatcc ta tgagcaatccgaaggacgactacaagat t tggctggtcatcaatccgtcga  
M S N P K D D Y K I W L V I N P S 
i i i0 1130 1150 
cc tggctgcccgtgatc tggatcgt tgccaccgtcgtcgcgatcgccgtgcatgccgccgtcc t  
T W L P V I W I V A T V V A I A V H A A V L 
1170 1190 1210 
ggccgctccgggct tcaactggatcgccctcggcgccgcgaagagcgccgcgaagtaagtcact  
A A P G F N W I A L G A A K S A A K * 
1230 1250 1270 
c t t t t tagagtgtc tgactgagggGTTGCGGACGGAACCGAGtt tcggCTCGGTTCCGTCCGCA 
1290 1310 1330 
ACt t t t tc tggggtcgtc tcccgccccgccggccgcgccctggtgccccggccccgcccccggc  
1350 1370 1390 
tctgctccggcttttgccgtgccgccgccatccggcctctgccccgctcttccgcgccatcacg 
1430 1450 1470 
ccccctcgt tcgccaggggt tcgtc tc tcactgcct tcgccgcgtgaaagt tgcgagtcagggg 
1490 1510 1530 
gagat tcacgt tgactccgcccggccccggtgcaacat tacaggccgt taatgaggact tgcag  
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(b) 1550 1570 1590 
cggcgaaatccgccggat tgccccccat taccatqqaqt tggaaacatggctgagagaagct tg  
M A E R S L 
1610 1630 1650 
tcgggt t tgaccgaagaagaagcggt tgcggtccacgcccagt tccagaccacct tcagcgct t  
S G L T E E E A V A V H A Q F Q T T F S A 
1670 1690 1710 
tcatcgtcc tcgccgccgtcgcgcacgtgctggtgtgggt t tggaagccctggt tc tgat t t tc  
F I V L A A V A H V L V W V W K P W F * 
1750 1770 1790 
gacat tcc tagggggt taatcc ta tgagcaatccgaaagacgactacaagat t tggctggtcat  
M S N P K D D Y K I W L V I 
1810 1830 1850 
caatccgtcgacctggctgcccgtgatc tggatcgtcgccaccgtcgtcgcgatcgccgtccat  
N P S T W L P V I W I V A T V V A I A V H 
1870 1890 1910 
gccgccgtcc tggccgctccgggct tcaactggatcgccctcggtgccgcgaagagcgccgcga  
A A V L A A P G F N W I A L G A A K S A A 
1930 1950 1970 
agtaagccactc tcgccagagtgtc tgact t t tggGTTGCGGACGGAttcgcggtcgtcagct t  
K * 
1990 2010 2030 
ggTCCGTCCGCAACt t t t tccggccgccgat tgatcggcgaagactcggtcatcgct tccacct  
2070 2090 2110 
gagtggggctggccagggtc tggccgagcctaactc t t tagggaatgtcatgagcaatcccaaa  
M S N P K 
2130 2150 2170 
gacgat tacaagat t tggctggtcatcaatccgtcgacctggctgcccgtgatc tggatcgtcg  
D D Y K I W L V I N P S T W L P V I W I V 
2190 2210 2230 
ccaccgtcgt  cgcgat  cgccgt  ccatgccgccgt  cc tggc  tgc tccgggct  tcaat  tggatcgc  
A T V V A I A V H A A V L A A P G F N W I A 
2250 2270 2290 
cc t  tggggccgcgaagt  ccgctgcgaagtaagt  ct  t cgcctcggtacgtcgatggcgggcg  
L G A A K S A A K * 
Fig. 2. Nucleotide sequence of the 2.3 kbp genomic fragment and the deduced amino acid sequence of the a-, 13-polypeptides. The nucleotide sequence is
numbered from the 5' to the 3' end. Potential Shine-Dalgarno sequences are underlined. Repeats within the nucleotide sequence are given in bold and are 
double underlined. Nucleotides in palindromic sequences most probably responsible for rho-independent termination of transcription are presented in upper 
letter code and are underlined. The deduced amino acid sequences of the polypeptides are shown below the nucleotide sequence in one letter code. 
Asterisks denote stop codons in the respective reading frames. Amino acid residues in the [3-gene which are discussed in the text are given in bold. 
may cause a characteristic absorption at 800 nm in the 
absorption spectrum of the B800/850  l ight-harvesting 
complexes.  However,  the X-ray structure analysis showed 
that this is not the case [14]. Instead of this it seems to 
stabilize the secondary structure of the protein surrounding 
the monomer ic  bacteriochlorophyl l  by hydrogen bonding. 
B1Gln l9  and B1Lys22 are exchanged into non-charged 
amino acids (ala-19; gln-22) in the [32-polypeptide. This 
indicates that the charged amino acids in position 19 and 
22 do not contribute to the characteristic absorption band 
at 800 nm, but that these amino acids may be involved in 
electrostatic interaction between the a,13-polypeptides 
forming the unique octameric B800/850  l ight-harvesting 
complex of Rs. mol ischianum. This is in agreement with 
the fact that [3-polypeptides of  other purple bacteria, which 
are more similar to the B800/850  l ight-harvesting com- 
plex from Rps. acidophi lum, contain non-charged amino 
acids at positions 19 and 22. 
We examined the expression of the genes by Northern 
blot analysis which revealed that only one band with a size 
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Fig. 3. Northern hybridization of total RNA from Rs. molischianum. 
Lane 1, 20 tzg total mRNA; lane 2, 40 ~zg total mRNA. The RNA was 
size-fractionated on a formaldehyd agarose gel and then hybridized with a 
radioactive probe containing part of the A t B~ gene sequence. 
to Rb. sphaeroides [7] and Rps. palustris [18], where two 
B800/850 mRNAs of significantly different length could 
be observed. In the case of Rb. capsulatus [20], two 
transcripts of one B800/850 BA gene cluster differing 
only 15 bases in length were detected. A similar situation 
could exist in Rs. molischianum, because the technique we 
used for Northern blot analysis was not sufficient to 
resolve very small size differences of the transcripts. 
Although both genes coding for the [3-polypeptides 
were transcribed, only one [3-polypeptide could be purified 
from the isolated B800-850 complex [l 1]. One possible 
explanation for this is that we lost the B2-gene product 
during the purification procedure of the B800/850 com- 
plex. But we did not observe a significant loss of B800/850 
complex during the purification. More likely is the possi- 
bility that both highly hydrophobic [3-polypeptides coelute 
in one peak in RP-HPLC purification. If the [32-poly- 
peptide is only present in small amounts ( < 10%), electro- 
spray mass spectra and amino acid sequencing will fail to 
detect the [32-polypeptide. This situation would suggest a 
different regulation of both dicistronically transcribed BA- 
clusters. On the transcriptional level it would be possible 
that the half-lives of the mRNA from B 1AI and B2A2 are 
different. This could be due to a similar mechanism re- 
ported for the puf operon of Rb. capsulatus [19] with 
respect o comparable palindromic sequences of both, the 
puf BA gene of Rb. capsulatus and the puc B i A i genes of 
Rs. molischianum. Moreover different frequencies of initia- 
tion of transcription could contribute to different mRNA 
levels in the cells. 
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